Introduction
In March 1978, findings from the newly compiled Wolfson Geochemical Atlas of England and Wales (Applied Geochemistry Research Group 1978) were presented at a meeting of the Royal Society, London. Attention was drawn to the high cadmium content of soil in Shipham Parish, Somerset. At the time, this contamination was not considered to present any known health risks for the population (Tricks 1984) . Concurrently, the Department of the Environment was studying the distribution of cadmium in the environment. The media became aware of this study and widespread publicity was subsequently given to Shipham and its high soil levels of cadmium. The newspaper headline, 'Poison Village Alert ', of 20 January 1979 (Bristol Evening Post 1979 is an example of media interest in Shipham at the time. The Central Directorate on Environmental Pollution subsequently reported (unpublished data) that whereas the mean cadmium content of UK soils in rural areas is less than 1 ppm, the cadmium content of garden soils in Shipham village ranges from 11-998 ppm.
High soil levels of lead (mean value 1824 ppm) (Anderson et al. 1979 ) and of zinc (greater than 800 ppm), together with a low copper content (30-60 ppm) , have also been reported in Shipham (Applied Geochemistry Research Group 1978) . There is some evidence of a causally associated health risk for animals: cattle licking mud in the locality have developed leadinduced encephalopathy, and the low copper levels cause swayback in new born lambs (Philipp & Hughes 1982a) . Although deaths from gastric cancer in North Wales have been associated with a high zinc/copper ratio in the soil, no such association could be shown in Shipham (Philipp & Hughes 1982a) . Nevertheless, the possibility of a risk for human health could not be ignored. In January 1979, the only available information about the health of residents was a letter to the Parish Council from the local undertakers. They had found from their records that, on average, Shipham residents had a longer life span than people living elsewhere in the South West Region. More conventional sources of information about populations that can be useful in the assessment of environmental health risks are, however, available. Routinely available sources of population data are shown in Table 1 . Technical information can also be obtained for particular problems (Royal Commission on Environmental Pollution 1974).
Known effects of cadmium exposure Like many other environmental pollutants, evidence for the health effects of cadmium comes mainly from exposed occupational populations. Risk estimates for the general population are sometimes calculated by comparison with time-weighted occupational threshold limit values.
It is thought that people can be exposed to 10 gg cadmium dust per cubic metre air throughout normal working hours during their working lifetime without likelihood of impairment to health (WHO 1980 1980), and inhalation of cadmium fumes has caused death from renal tubular necrosis and pulmonary oedema (Taylor et al. 1984) . Cadmium accumulates in the liver and kidney (Friberg et al. 1974 , WHO 1980 . The effects of chronic exposure are emphysema, proteinuria and chronic renal failure, osteomalacia, and anaemia that is possibly secondary to renal failure but also sometimes associated with slight haemolysis (Friberg et al. 1974) . Cadmium exposure has also been associated with carcinoma of the prostate (Kipling & Waterhouse 1967 , Lemen et al. 1976 , Bako et al. 1982 , and carcinoma of the lung (Lemen et al. 1976 ). However, two recent mortality studies have found no new evidence of an association between cadmium exposure and prostatic cancer (Armstrong & Kazantzis 1983 , Sorahan & Waterhouse 1983 . In experimental animals cadmium also causes testicular cancer (Gunn et al. 1964 ) and sarcomata (Kazantzis 1963 , Haddow et al. 1964 ). Prior to 1979 there was no evidence or suggestion that Shipham residents could be experiencing an excess of any of these conditions. Sources of exposure to cadmium People can be exposed to cadmium in occupations involving the refining of metal ores or the manufacture or use of corrosion-resistant coatings, alloys, pigments, plastics, batteries and photographic materials (Friberg & Elinder 1983) .
The FAO/WHO Joint Expert Committee on Food Additives recommended a provisional maximum tolerable weekly cadmium intake of 400-500 gg from all sources (WHO 1972) .
Average dietary intake from food in the UK is less than 125 jig per week. Cadmium can also be absorbed from ingestion of the metal lost from glazes on ceramic table and cooking ware, and from chewing pencils or toys containing cadmium pigments. Children may also eat contaminated soil (Thomas 1982) . Cadmium in airborne dusts can be inhaled. However, overall absorption through the lungs is probably between 13% and 19% of the total inhaled, or less than 0.06 jg per day (Central Directorate on Environmental Pollution 1980). Such absorption is dependent on particle size, and therefore on the duration of exposure to specific sources. Cigarette smoking is an additional source of cadmium. A packet of 20 plain cigarettes yields about 6 jg in the inhaled main-stream smoke (Westcott & Spencer 1974) , of which some 50% can be retained (Friberg et al. 1974) . Smoking, particularly of unfiltered cigarettes, could therefore be an equally important source of cadmium as the diet.
Uptake and absorption of cadmium is dependent on several factors. For example, plants grown in cadmium-containing soils have increased cadmium concentrations when the soil acidity is raised (Friberg et al. 1974) . Body absorption may be reduced by the presence of phytates in the diet and greatly increased when the serum levels of calcium, iron or protein are low (WHO 1980 , Webb 1975 . The presence of zinc, copper, selenium, cysteine, ascorbic acid, and various chelating agents can lessen the toxic effects (Friberg et al. 1974 , Webb 1975 . Particular toxic effects also seem dependent on exposure to specific cadmium salts (Friberg etal. 1974) .
Residential populations at risk from cadmium exposure In addition to Shipham Parish, concern has been reported about three other residential populations exposed to cadmium. Jintzu river area in Toyana Prefecture, Japan In 1967, over 20% of women aged over 50 years in the zones of high soil cadmium concentration downstream of the Kamioka zinc/cadmium mine were reported to be suffering from such signs and symptoms as lumbar and leg pains with bone tenderness, susceptibility to multiple fractures and extreme skeletal deformation, hypochromic anaemia, increased levels of alkaline phosphatase, reduced levels of serum phosphate, proteinuria, glycosuria, damage to the intestinal mucous membrane, and decreased ability to absorb fats. People with more advanced signs and symptoms had first been found twenty years earlier. Malnutrition during the war years, and drinking water and eating rice contaminated with high levels of cadmium, could have been causal factors (Friberg et al. 1974) . In view of the association with age and malnutrition, the signs and symptoms in this population are unlikely to be wholly attributed to cadmium exposure. Liege area, Belgium Non-ferrous smelters have been in use in this area since the 19th century. Such smelting operations are associated with airborne cadmium. The cadmium body burden and prevalence of renal dysfunction in elderly women are reported to be higher in this locality than amongst women of the same age who live in another industrial area, Charleroi, that is much less polluted by cadmium (Lauwerys & De Wals 1981) . For both sexes, the standardized mortality ratios and proportional mortality rates from nephritis and nephrosis are also much higher in Liege than in Charleroi or in Belgium as a whole (Lauwerys & De Wals 1981) . Regional variations in analgesic abuse have, however, since been suggested as a contributing factor to the observed differences in renal mortality (Boelaert et al. 1981) . The results of further study must be awaited before cadmium exposure can be considered responsible for this reported renal pathology. Alberta, Canada Age-adjusted incidence rates for cancer of the prostate have been positively associated with geographical areas where the cadmium content is raised in flowing fresh water, municipal waste water, soil, wheat and barley (Bako et al. 1982) . However, this association has yet to be studied further in Alberta, and was not found for the Shipham population (Philipp & Hughes 1983a ).
Unlike these other three residential populations, exposure to cadmium in Shipham Parish is restricted to soil contamination. There is no cadmium pollution of the water supply.
Pilot studies of risk for the Shipham residents In conjunction with widespread publicity in January 1979 about the high soil levels of cadmium, an independent television company supported the two initial studies of Shipham residents. The first study showed that, as measured by in vivo neutron activation analysis, the mean liver-cadmium concentrations of 21 residents 'was 11.0+2.0 parts per million (ppm) which is significantly higher (P <0.001) than that of ten non-Shipham controls (2.2 + 2.0 ppm)'. Nevertheless, the authors also reported that they had found values of up to 260 ppm in industrially exposed workers, and neither the workers nor the Shipham residents showed any evidence of cadmium toxicity (Harvey et al. 1979) . Although these findings were considered reassuring (Hughes & Stewart 1979) , the second study showed that 22 of 31 volunteers from the village had raised blood-cadmium levels, 19 people had hypertension, and 7 people had increased urinary B2-microglobulin excretion as evidence of renal tubular damage. Toxicity from cadmium exposure was reported to be a possible explanation for these findings (Carruthers & Smith 1979) . The methodology of this second study has, however, been criticized (Kraemer et al. 1979) . A separate study, undertaken subsequently and based on hospital morbidity patterns, could not demonstrate a risk of hypertension or renal disease for the residents (Philipp & Hughes 198 la) .
In 1979, the dental health of Shipham children was reported to be similar to children in neighbouring villages (Anderson et al. 1979) , although raised levels of cadmium had been found in their teeth (Stone et al. 1979) .
These pilot studies therefore suggested that Shipham residents could have a higher body burden of cadmium than persons not similarly exposed, but evidence for a health risk was inconclusive.
Population studies of risk in Shipham Parish Reports of illnesses in animals (Philipp & Hughes 1 982a) and findings from the pilot studies of possible health risks from exposure to cadmium (Harvey et al. 1979 , Carruthers & Smith 1979 led to interest in Shipham by the Central Directorate on Environmental Pollution. This Directorate coordinated the studies of exposure, nutrition, body burden, morbidity and mortality that were undertaken. The findings of these studies were as follows:
Sources ofexposure: The mean cadmium content for gardens in Shipham was 87 ppm as compared with the UK average of 2 ppm (Thomas 1980) . Cadmium concentrations were raised in leafy vegetables such as cabbage, kale, spinach, spring greens and lettuce, as well as in rhubarb and celery (Thomas 1982) . Levels of cadmium in the dust, water and air were within normal limits (Thomas 1982) .
Nutrition: The average weekly dietary intake of cadmium for Shipham residents was reported to be 250,g and therefore well below the threshold for renal damage. Only a few people exceeded the FAO/WHO limit (Thomas 1980) . The value is, however, twice the UK average dietary intake of cadmium.
Body burden: Blood and urinary cadmium concentrations and tests for renal and hepatic function of 548 Shipham residents were compared with another population not similarly exposed. The findings were reported as within normal limits for both groups (Barltrop & Strehlow 1982) . It was also reported that the blood-cadmium levels of Shipham residents were similar to the population of Glasgow, who were not exposed to cadmium in their residential environment, and that the levels in Shipham residents who smoked were twice the levels of non-smokers (Fell 1980). Morbidity: Hospital activity analysis (HAA) data were used to look for any excess' of hospital admissions for Shipham residents and whether this could be associated with morbidity known to be linked with cadmium exposure. A small but statistically significant excess of patients with carcinoma of the ovary was demonstrated. Scrutiny of the case records and consideration of cadmium levels for the soil of relevant addresses within Shipham Parish revealed that this apparent risk was most unlikely to be explained by exposure to cadmium. A review of Cancer Registry data for the years 1954-1978 was subsequently able to refute the apparent risk (Philipp & Hughes 1982b) .
Mortality: The 1939 populations of Shipham and a control village nearby were identified in the National Health Service Central Register. Notifications of deaths, emigrations and transfers out of the area during the ensuing 40 years were ascertained and sent to the Office of Population Censuses and Surveys. Relevant death certificates were obtained and the ratios of observed to expected deaths were calculated (Inskip et al. 1982) . Compared with England and Wales, overall mortality in Shipham was low and similar to the pattern in the neighbouring control village. A small but statistically significant excess mortality from hypertensive and cerebrovascular disease was found. The controversy about the role of cadmium and hypertension was however noted, and the study concluded that 'if cadmium contamination has any effect on the mortality pattern in Shipham, it is slight and does not present a serious health hazard to the residents'.
Discussion
The findings of studies coordinated by the Central Directorate on Environmental Pollution show that there is no overt risk to human health from exposure to the high levels of cadmium in the Shipham soil. As the soil levels of zinc are high in the village, it is possible that the presence of this element is a protective factor. These findings are reassuring but, as the cadmium content of the soil is very high, certain precautions have been recommended: residents have been advised not to grow or eat crops from those village gardens or allotments that have been shown to contain considerably elevated levels of cadmium; liming of the soil has been suggested to reduce the cadmium content of crops; children should be deterred from eating soil by the grassing over of redundant vegetable plots and large flowerbeds; and smoking of untipped cigarettes is considered unwise (Thomas 1982) .
It has been reported that monitoring particular pollutants in man and the environment is important, and may need extending in suspected 'hotspots' (Gloag 1981) . For the Shipham population, it has been recommended that the following should be undertaken: small-scale human monitoring of urine and blood samples from about 50 volunteers; oversight of the general health of the village by local doctors; and intermittent monitoring of hospital admissions, causes of illness and of death (Thomas 1982) . Despite'such recommendations, the preservation of clinical records is in doubt at present (Loudon 1983) , and the scope for long-term monitoring of environmental pollutants may therefore be prejudiced not only in Shipham but elsewhere in the United Kingdom.
In the assessment of risk for Shipham residents, the morbidity and mortality studies both noted that as routinely available data are not linked with other data for the life events of individuals, the duration of exposure cannot be estimated from such sources. At present, such information can only be obtained by field studies. Furthermore, despite the need to record occupational histories in clinical case notes (Philipp & Hughes 1983b) , occupational exposure cannot be assessed from routinely available morbidity data; limited occupational data were recorded in the case notes for only 10% of Shipham patients aged 16 years and over who were admitted to hospital between 1974 and 1978 (Philipp & Hughes 1983b ).
The quality of hospital-based morbidity data would also be improved with more detailed coding of addresses. The addresses from which patients are admitted are coded at present for HAA purposes to local authority districts. Environmental health problems are not usually confined to administrative boundaries, however, and substantial clerical effort is required to identify hospital admissions for geographical areas smaller than the local authority district. Clerical hours spent on the identification of small population groups could be avoided if postal codes were adopted for the address coding of hospital admissions (Philipp & Hughes 1981b ).
In conclusion, it is suggested that long-term surveillance fQr health risks from exposure to environmental pollutants would benefit from preservation of clinical records, record linkage, comprehensive occupational data, and postal coding of addresses. The potential information yield from accrued data would be vastly improved and risk assessments could be undertaken more rapidly than is possible at present. If such a data base had been available in 1979, the widespread concern for and amongst Shipham residents might have been prevented.
